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(54) Printer system and method of controlling operation of the same 



(57) To reduce the necessary storage capacity of 
the internal memory of a printer, a printing start com- 
mand is transmitted from a printer controller to a printer 
by asynchronous transfer before the transmission of im- 
age data. Isochronous transfer of image data to be print- 
ed in packet units starts upon elapse of a fixed period 
of time following transmission of the printing start com- 
mand. Image data thenceforth is transmitted from the 
printer controller to the printer successively by iso- 



chronous transfer at a fixed period. Since the image data 
is transmitted from the printer controller to the printer at 
the fixed period, printing can be performed at a constant 
speed without requiring that the printer be provided with 
an image memory for storing image data representing 
one frame of an image. In a case where a transfer re- 
quest command is supplied from the printer to the printer 
controller, the image data is transmitted from the printer 
controller to the printer in response to the transfer re- 
quest command. 



rig. 3 



CM 
< 



in 

CM 
CM 
00 

o 

Q. 
UJ 



PRINTER ! 
CONTROLLER * 



pWnTeV 
PREPARATIONS 



in .in.in,, in, .n in .n in. in. in ■ j 



CYCLE-STAR! 
PACKET 



DATA 
PROCESSWG 



COMMAND DATA , . ' DATA 

PACKET PACKET DATA PACKET PACKET 

(*y-3) (sy- I: {sy - 0: DATA CONTINUATION) <*y - 2: 

DATA «=TAHT fr . . t DATA END) 



I PERIOD 
(1 ISOCHRONOUS 
CYCLE) - 7 2St« 



^3 



I 1 LINE 

J . XZZZL 



PRINTING DELAY i iff* 
TIME 



Printed by Jouve, 75001 PARIS (FR) 



BNSDOCID: <EP 0822510A2 I > 



1 



EP0 822 510 A2 



Description 

BACKGROUND OF THE INVENTION 

Field of the Invention: 

This invention relates to a printer system constitut- 
ed by a printer controller and a printer interconnected 
by a bus. The printer controller constituting the printer 
system supplies the printer with image data via the bus, 
and the printer prints the image, which is represented 
by the image data supplied by the printer controller, at 
a constant speed. The present invention further relates 
to the printer and printer controller that construct this 
printer system. The present invention relates to a meth- 
od of controlling the operation of the printer system, a 
method of controlling the operation of the printer and a 
method of controlling the operation of the printer con- 
troller. 

Description of the Related Art: 

Parallel communication using a Centronics inter- 
face or an SCSI (Small Computer System Interface) and 
serial communication using an RS232C, RS422 or USB 
(Universal Serial Bus) are utilized to transmit image data 
from a printer controller to a printer. With these commu- 
nication schemes, image data is transmitted from the 
printer controller to the printer irrespective of the printing 
speed of the printer. It is required that the printer be pro- 
vided with an image memory having enough storage ca- 
pacity to store image data representing at least one 
frame of an image (the image printed on one sheet of 
paper). This makes it difficult to lower the cost of the 
printer. 

SUMMARY OF THE INVENTION 

Accordingly, an object of the present invention is to 
make it possible to construct a printer using an image 
memory having a comparatively small storage capacity. 

In order to supply a printer with image data from a 
printer controller, the present invention utilizes IEEE (In- 
stitute of Electrical and Electronic Engineers, Inc.) 
Standard 1 394 for high-speed serial transmission. With 
IEEE Standard 1394, which is currently under consider- 
ation in the art, isochronous transfer and asynchronous 
transfer are possible. 

With isochronous transfer, data referred to as cycle- 
start packet data is in principle generated at an iso- 
chronous cycle (125 |is) by any of a plurality of nodes 
connected by a bus. Data is transmitted from a certain 
node (this node is a cycle master, as will be described 
later) to another node every isochronous cycle. Iso- 
chronous transfer, which makes it possible to perform 
data transmission without fail within the isochronous cy- 
cle, transmits data unilaterally from the transmitter to the 
receiver. Asynchronous transfer is such that when the 



receiver receives transmitted data, a signal indicating 
that the data has been received is sent back to the trans- 
mitter. 

A first aspect of the present invention provides a 
5 printer system constituted by a printer and a printer con- 
troller. The printer and the printer controller in this printer 
system are connected by a bus, and the printer control- 
ler supplies the printer with image data via the bus. The 
printer prints the image, which is represented by image 
io data supplied by the printer controller, at a constant 
speed. 

The printer is equipped with a buffer memory having 
an image-data storage capacity smaller than the quan- 
tity of image data representing one frame of the image, 
*s the buffer memory temporarily storing the image data 
supplied by the printer controller. Either the printer or 
the printer controller is provided with device for gener- 
ating a start signal which indicates start of supply of the 
image data. 

20 The printer controller has image-data transmission 
start control means (an image-data transmission start 
controller) for starting transmission of image data to the 
printer in packet units upon elapse of a predetermined 
period of time from generation of the start signal, and 

25 image-data transmission control means (an image-data 
transmission controller) for repeating, in packet units, 
the transmission of image data to the printer in such a 
manner that the image data that has been stored in the 
buffer memory will not be emptied from the buffer mem- 

30 ory. 

The printer has storage control means (a storage 
controller) for receiving image data transmitted from the 
printer controller and storing this image data in the buffer 
memory, and printing control means (a printing control- 
35 |er) for reading out the image data that has been stored 
in the buffer memory and printing an image, which is 
represented by the image data read out, at a constant 
speed. 

The first aspect of the present invention also pro- 

40 vides an operation control method suited to the printer 
system described above. Specifically, there is provided 
a method of controlling operation of a printer system 
constituted by a printer controller and a printer connect- 
ed by a bus, wherein the printer controller supplies the 

45 printer with image data via the bus and an image, which 
is represented by image data supplied by the printer 
controller, is printed in the printer at a constant speed. 
The printer is provided with a buffer memory having an 
image-data storage capacity smaller than the quantity 

50 of image data representing one frame of the image, the 
buffer memory temporarily storing the image data sup- 
plied, and either the printer or the printer controller gen- 
erates a start signal. 

The method further includes starting transmission 

55 of image data from the printer controller upon elapse of 
a predetermined period of time from generation of the 
start signal, repeating, in packet units, the transmission 
of image data from the printer controller in such a man- 
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ner that the image data that has been stored in the buffer 
memory will not be emptied from the buffer memory, 
and, in the printer, receiving image data transmitted from 
the printer controller, storing this image data in the buffer 
memory, reading out image data that has been stored 
in the buffer memory and printing an image, which is 
represented by the image data read out, at a constant 
speed. 

In accordance with the first aspect of the present 
invention, the printer is provided with the buffer memory 
having a storage capacity capable of storing image data 
the amount of which is less than the amount of image 
data representing one frame of an image (which means, 
as described above, the image printed on one sheet of 
paper). 

In the printer controller, transmission of image data 
to the printer from the printer controller in packet units 
is started upon elapse of a predetermined period of time 
from generation of the start signal, and transmission of 
the image data to the printer from the printer controller 
in packet units is repeated in such a manner that the 
image data that has been stored in the buffer memory 
will not be emptied from the buffer memory. 

The image data that has been transmitted is re- 
ceived by the printer in packet units and is stored tem- 
porarily in the buffer memory of the printer. The image 
data that has been stored in the buffer memory is read 
out and the image represented by the read image data 
is printed at a constant speed. 

The printer need not be provided with a memory 
having a large storage capacity capable of storing the 
quantity of image data representing one frame of an im- 
age. It will suffice to provide the printer with a buffer 
memory of small capacity, thereby lowering the cost of 
the printer. 

The continuity of image data can be maintained be- 
cause succeeding data is transmitted from the printer 
controller before the data already in the buffer memory 
vanishes. Accordingly, the printer used can be one 
which prints images at a constant speed. 

Printing speed data representing the printing speed 
and storage capacity data representing the storage ca- 
pacity of the buffer memory may be stored in the printer. 
In such case the stored printing speed data and storage 
capacity data would be transmitted to the printer con- 
troller. 

The printer controller receives the printing speed 
data and storage capacity data transmitted from the 
printer and determines the amount of image data includ- 
ed in a packet based upon the printing speed data and 
storage capacity data received. 

The printing speed and the storage capacity of the 
buffer memory may be entered into the printer controller. 
In such case the amount of data included in a packet 
would be determined based upon the printing speed da- 
ta and storage capacity data entered. 

In either case, the optimum amount of image data 
included in a packet can be determined. 



A print preparation command may be transmitted 
from the printer controller to the printer before the start 
of the printing operation by the printer. In such case 
printing preparation inclusive of positioning printing pa- 

s per at a home position would be performed in response 
to the printing preparation command transmitted from 
the printer controller, printing preparation-end data rep- 
resenting end of printing preparation would be transmit- 
ted to the printer controller in response to end of printing 

io preparation, and the above-mentioned start signal 
would be generated following the transmission of the 
printing preparation-end data. 

Since the image data is transmitted from the printer 
controller to the printer upon completion of printing prep- 

is arations, the image data can be prevented from being 
transmitted before the printer has attained a state in 
which it is capable of printing. This precludes printing 
processing errors. 

Command identification data may be added to the 

20 printing preparation command to indicate that it is a 
command, and image-data identification data may be 
added to the image data transmitted from the printer 
controller to indicate that this data is image data. In this 
case, whether received data is the printing preparation 

25 command or the image data is judged in the printer 
based upon the command identification data or image- 
data identification data, the printer performs printing 
preparation in response to judging that the received data 
is the printing preparation command and prints the im- 

30 age represented by the image data in response to judg- 
ing that the received data is the image data. 

Since received data can thus be recognized imme- 
diately as being a command or image data, printing 
preparation and printing can be executed rapidly. 

35 An arrangement may be adopted in which the print- 
er controller is equipped with first and second control 
means (a first controller and a second controller), 
wherein the first controller is made to perform transmis- 
sion control relating to transmission of image data to the 

40 printer, and the second controller is made to control op- 
erations other than transmission control. 

As a result, the burden of the control operation by 
the second controller is alleviated. 

There may be a plurality of the printers, each may 

45 be assigned a specific printer identification symbol 
(channel number or ID), and printer identification data 
which represents the specific printer identification sym- 
bol may be added to the image data output by the printer 
controller. 

50 in this case it is determined in the printer whether 
the printer identification symbol represented by the 
printer identification data added onto the received image 
data agrees with the assigned printer identification sym- 
bol. If it is judged that the two agree, the printer performs 

55 printing by a printing head based upon the image data 
having the attached printer identification data represent- 
ing the identification symbol of the printer. 

Desired image data can be transmitted only to de- 
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sired printer even in a case where a plurality of printers 
have been connected to the printer controller. The same 
image data can be transmitted to all of the printers as a 
matter of course. 

A second aspect of the present invention provides 
a printer system constituted by a printer and a printer 
controller. The printer and the printer controller in this 
printer system are connected by a bus, and the printer 
controller supplies the printer with image data via the 
bus. The printer prints the image, which is represented 
by image data supplied by the printer controller, at a con- 
stant speed. 

The printer is equipped with a buffer memory having 
an image-data storage capacity smaller than the quan- 
tity of image data representing one frame of the image, 
the buffer memory temporarily storing the image data 
supplied by the printer controller, and with means for 
outputting an image-data transfer request. 

The printer controller has image-data transmission 
control means for transmitting image data to the printer 
in packet units in response to output of the transfer re- 
quest. 

The printer has storage control means for receiving 
image data transmitted from the printer controller and 
storing this image data in the buffer memory, and print- 
ing control means for reading out the image data that 
has been stored in the buffer memory and printing an 
image, which is represented by the image data read out, 
at a constant speed. 

The second aspect of the present invention also 
provides an operation control method suited to the print- 
er system described above. Specifically, there is provid- 
ed a method of controlling operation of a printer system 
constituted by a printer controller and a printer connect- 
ed by a bus, wherein the printer controller supplies the 
printer with image data via the bus and an image, which 
is represented by image data supplied by the printer 
controller, is printed in the printer at a constant speed. 
The printer is provided with a buffer memory having an 
image-data storage capacity smaller than the quantity 
of image data representing one frame of the image, the 
buffer memory temporarily storing the image data sup- 
plied by the printer controller, and means for outputting 
an image-data transfer request. 

The method further includes transmitting image da- 
ta from the printer controller in packet units in response 
to output of the transfer request from the printer, and, in 
the printer, receiving image data transmitted from the 
printer controller, storing this image data in the buffer 
memory, reading out image data that has been stored 
in the buffer memory and printing an image, which is 
represented by the image data read out, at a constant 
speed. 

In the second aspect of the present invention as 
well, the printer need not be provided with a memory 
having a large storage capacity capable of storing the 
quantity of image data representing one frame of an im- 
age. It will suffice to provide the printer with a buffer 



memory of small capacity, thereby lowering the cost of 
the printer. 

It will suffice if the transfer request is output from 
the printer substantially whenever one line of one frame 
5 of an image is printed, by way of example. 

Further, the continuity of the image data can be 
maintained by having the printer output the image-data 
transfer request in such a manner that the image data 
that has been stored in the buffer memory will not vanish 
10 from the buffer memory. 

Furthermore, the amount of image data included in 
the packet may be changed and the image data trans- 
mitted from the controller in such a manner that the im- 
age data that has been stored in the buffer memory will 
1$ not vanish. 

It may be so arranged that after image data has 
been transmitted by the image-data transmission con- 
troller in response to output of the transfer request, the 
transmission of null data is repeated by the printer con- 
20 trailer in packet units until the next output of the transfer 
request. 

Thus, the amount of image data that is stored in the 
buffer memory can be adjusted. 

The printer preferably performs printing-related 

25 preparations (printer heat-up, positioning of the printing 
paper, positioning of the printing head, etc.) in response 
to entry of a printing-preparation setting request com- 
mand. In such case the above-mentioned transfer re- 
quest would be output upon completion of the printing- 

30 related preparations. Image data can be prevented from 
being transferred from the printer controller before the 
printing-related preparations are completed. 

The printing-preparation setting request command 
may be output from the printer controller. In this case 

35 the printer controller repeats the transmission of null da- 
ta in packet units from output of the printing-preparation 
setting request command to output of the transfer re- 
quest. 

A predetermined routine can be used without 
40 changing the routine for transmitting the image data. 

In a case where a plurality of printers have been 
connected to the printer controller, the printer controller 
would respond to output of the transfer request from all 
printers by transmitting image data to all of these print- 
45 ers in packet units. 

In both the first and second aspects of the present 
invention, the printer and printer controller constituting 
the printer system can be arranged so as to be separate 
from each other. 
50 Other features and advantages of the present in- 
vention will be apparent from the following description 
taken in conjunction with the accompanying drawings, 
in which like reference characters designate the same 
or similar parts throughout the figures thereof. 

55 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram illustrating the electrical 
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configuration of a printer controller; 

Fig. 2 is a block diagram illustrating the electrical 

configuration of a printer; 

Fig. 3 is a time chart for a case in which image data 
is transmitted from the printer controller to the print- s 
er; 

Fig. 4 illustrates commands and data sent and re- 
ceived by the printer controller and printer in a case 
where image data is transmitted from the printer 
controller to the printer; 10 
Fig. 5 is a time chart illustrating an example of the 
transfer rate of image data; 
Fig. 6 is a time chart illustrating another example of 
the transfer rate of image data; 

Fig. 7 is a time chart illustrating another example of is 
the transfer rate of image data; 
Fig. 8 is a time chart for a case in which image data 
is transmitted from the printer controller to the print- 
er; 

Fig. 9 is a block diagram illustrating the electrical 20 
configuration of a printer controller; 
Fig. 1 0 is a time chart for a case in which image data 
is transmitted from the printer controller to the print- 
er; 

Fig. 1 1 illustrates commands and data sent and re- 2s 
ceived by the printer controller and printer in a case 
where image data is transmitted from the printer 
controller to the printer; 

Fig. 1 2 is a time chart for a case in which image data 

is transmitted from the printer controller to the print- 30 

er; 

Fig. 1 3 illustrates commands and data sent and re- 
ceived by the printer controller and printer in a case 
where image data is transmitted from the printer 
controller to the printer; 3$ 
Fig. 1 4 illustrates an example of the connections be- 
tween printers and the printer controller; 
Fig. 15 illustrates commands and data sent and re- 
ceived by the printer controller and printer in a case 
where image data is transmitted from the printer *o 
controller to the printer; 

Fig. 16 is a block diagram of devices connected in 
accordance with IEEE Standard 1394; 
Fig. 17 is a block diagram of devices, which have 
been connected in accordance with IEEE Standard 45 
1394, arranged in the form of a tree structure; 
Fig. 18 is a time chart of isochronous transfer; 
Fig. 1 9 illustrates the format of a cycle-start packet; 
Fig. 20 illustrates the packet format of data trans- 
ferred isochronously ; so 
Fig. 21 illustrates the format of an isochronous com- 
mand packet; and 

Fig. 22 illustrates the format of an isochronous data 
packet. 

55 



DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

(1) Data transfer based upon IEEE Standard 1394 

Before describing a printer system according to em- 
bodiments of the present invention, a data transfer 
based upon IEEE Standard 1394 will be discussed. 

Fig. 16 illustrates the manner in which a plurality of 
devices (a computer, a printer, a digital video tape re- 
corder, etc.) A, B, C, D, E and F are connected using a 
bus. Each device has one or a plurality of ports (in the 
example of Fig. 16, all devices have three ports). It is 
possible to connect a maximum of 63 devices by con- 
necting the ports of the devices. According to IEEE 
Standard 1 394, devices can be connected as long as 
the daisy chain connections do not exceed 16. There 
are no loop connections. 

Further, according to IEEE standard 1394, two 
types of data transfer are possible, namely isochronous 
transfer and asynchronous transfer. Data transfer is per- 
formed in packet units in both isochronous transfer and 
asynchronous transfer. 

Fig. 1 9 illustrates the format of a cycle-start packet. 
The cycle-start packet data represents the start of an 
isochronous cycle period (which, in principle, has a du- 
ration of 125 U-S) and is transmitted from a cycle master 
by isochronous transfer, as will be described later. 

The cycle-start packet includes the ID of the trans- 
mission destination (the ID is specific to the device), a 
transaction label, a retry code, a t-code indicative of 
asynchronous transfer data or isochronous transfer da- 
ta, priority which indicates the degree of priority of trans- 
mitted data, the ID of the source of transmission, an off- 
set of a read/write address, cycle time data and a data 
CRC (cyclic redundancy check). 

According to IEEE standard 1 394, the cycle master, 
which is described later, starts measuring time from the 
moment the power supply is turned on. The data repre- 
senting the measured time is cycle time data. Nodes, 
which are described later, each have a counter capable 
of measuring time. The counter of each node is reset 
when it receives the cycle-start packet data transmitted 
from the cycle master. As mentioned above, the cycle- 
start packet is in principle output every 125 (is but a de- 
lay is also allowed (the details will be described later). 
The delay time is referred to as "cycle-start delay time". 
The cycle-start delay time is calculated at each node 
based upon the difference between the time measured 
by the cycle master and represented by the cycle time 
data and time measured at each node. For example, 
when the time measured by the cycle master is 1 30 \is 
and the time measured by each node when the cycle- 
start packet data has been applied is 1 25 ^xs, the cycle- 
start delay time is 1 30 u.s - 1 25 u,s = 5 u.s. 

An asynchronous data packet format shown in Fig. 
20 is used in a case where data is transmitted by asyn- 
chronous transfer. This format differs from the format of 
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the cycle-start packet format only in that data length, an 
extended transaction code and transmission data are 
included in place of data representing the cycle-start de- 
lay time. 

In a case where there are two or more control de- s 
vices which control one device to undergo control, it is 
possible for only one control device to control the device 
to be controlled. This is referred to as "exclusive con- 
trol". An extension transaction code is employed to 
specify an arithmetic operation used to check whether 10 
or not exclusive control is being carried out. 

Figs. 21 and 22 illustrate the formats of packets 
used in isochronous transfer. Fig. 21 illustrates the for- 
mat of an isochronous command packet used in a case 
where a command is transmitted, and Fig. 22 illustrates is 
the format of an isochronous data packet used in a case 
where image data is transmitted. 

These packet formats include data length indicating 
the length of the data, a channel number assigned to a 
command or image data, a t-code, Sy, which indicates 20 
a synchronizing bit, a header CRC, which is an error de- 
tection code for detection of an error in the data from the 
data length to the synchronizing bit Sy, a command or 
image data, and data CRC, which is an error detection 
code for detection of an error in the command or image 2s 
data. In isochronous transfer, a channel number is as- 
signed to each device and, when the channel number 
assigned to a device and the channel number included 
in the transmitted packet agree, the device having the 
assigned channel number that agrees with the channel 30 
number of the transmitted packet receives the transmit- 
ted command or image data. Further, "00" is recorded 
as Tg since the purpose of use is not specified according 
to the stipulation of the currently prevailing IEEE Stand- 
ard 1 394. 3S 

With reference again to Fig. 16, a master-slave re- 
lationship between the devices connected by the bus is 
decided according to IEEE standard 1 394. A method of 
deciding this master-slave relationship will now be de- 
scribed. 40 

When the power supply of each device is turned on, 
a certain device makes an inquiry of another device re- 
garding the master-slave relationship between them. 
The device that make the master-slave inquiry is the 
slave and the device that receives the master-slave in- 45 
quiry is the master. 

When the master-slave relationship has been de- 
cided for all of the devices, the overall configuration 
takes on a tree structure, as shown in Fig. 17. In the 
example illustrated in Fig. 17, device B is the master (the so 
root). The devices A and C are the slaves of the device 
B, the devices D and F are the slaves of the device A (a 
second generation of slaves as seen from the device B), 
and the device E is the slave of the device C (a second- 
generation slave as seen from the device B). ss 

According to IEEE Standard 1394, each device is 
assigned a channel number in order to receive the data 
of an isochronous transfer, and each device is assigned 
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an ID in order to receive the data of an asynchronous 
transfer, as mentioned above. In the illustrated example, 
Channel No. A and I Da have been assigned to the de- 
vice A, Channel No. Band IDb to the device B, Channel 
No. C and IDc to the device C, Channel No. D and IDd 
to the device D, and Channel No. E and IDe to the device 
E. 

Fig. 18 is a time chart of isochronous transfer. Con- 
trol of isochronous transfer is performed by the device 
referred to as the cycle master. The root is the cycle 
master. 

A cycle starts in response to output of the cycle-start 
packet from the cycle master (root). The cycle-start 
packet is applied to all devices (inclusive of second-gen- 
eration devices) that have been connected to the root. 

The transfer of isochronous data starts after trans- 
mission of the cycle-start packet. 

Upon elapse of a first time period (the time period 
of the short gap) Sg following transmission of the cycle- 
start packet, arbitration is carried out among all devices 
that wish to perform an isochronous transfer. Arbitration 
involves receiving permission to use the bus and is per- 
formed in the following manner: 

First, signals requesting use of the bus are trans- 
mitted to a master device from the devices attempting 
to conduct the isochronous transfer. The request signals 
are transmitted in order starting from the devices closest 
to the root. A master device that has received the re- 
quest signal relays the request signal to its master de- 
vice. As a result, request signals from all of the devices 
that wish to perform an isochronous transfer reach the 
cycle master. Which device should be given priority to 
make use of the bus has been stored in the cycle master. 
The device which can use the bus is decided at elapse 
of the short gap Sg in accordance with the stored order 
of priority The cycle master outputs a signal, which al- 
lows use of the bus, solely to the decided device at the 
elapse of the short gap Sg. A signal refusing use of the 
bus is transmitted from the cycle master to the other de- 
vices at the elapse of the short gap Sg. The device that 
has received the signal allowing use of the bus is capa- 
ble of transmitting data. 

In the example of Fig. 17, signals requesting use of 
the bus are transmitted from the devices A, C and F, and 
these request signals are received by the device B serv- 
ing as the root. A signal allowing use of the bus is trans- 
mitted from the root device B to the device C, thereby 
making it possible for the device C to transmit data. Sig- 
nals refusing use of the bus are transmitted to the de- 
vices A and F, as a result of which the devices A and F 
become incapable of transmitting data at this time. The 
devices A and F perform arbitration again after the de- 
vice C transmits one packet of data, and transmit data 
upon receiving the signal allowing use of the bus. 

With reference again to Fig. 18, the isochronous 
transfer data is transmitted in packet units from the de- 
vice that has obtained the right to path use at elapse of 
the short gap Sg following the transmission of the cycle- 
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start packet. Prefix data representing the beginning of 
data is added on in front of the data in the packet of 
isochronous transfer data (having the format shown in 
Fig. 21 or Fig. 22), and end data representing the end 
of data is added on to follow the packet. s 

The end data is applied to all of the devices, as a 
result of which all of the devices recognize that the bus 
is idle. A device that wishes to transmit isochronous 
transfer data at elapse of the short gap Sg following re- 
ception of the end data again transmits the signal re- '0 
questing use of the bus, i.e., performs arbitration again, 
in the manner described above (once a device has ob- 
tained the right to bus use in the time period of the iso- 
chronous cycle, this device does not output the request 
signal again in this isochronous cycle period. All devices is 
that perform an isochronous transfer are capable of 
transmitting one packet of data at any point in time within 
the isochronous cycle period). 

When an isochronous transfer is completed in the 
isochronous period, the right to use the path for an asyn- 20 
chronous transfer is acquired at the moment a second 
time period (a long gap Ig) elapses. The data of the asyn- 
chronous transfer is transmitted in packet units from the 
device that has acquired the right to bus use. In this 
asynchronous transfer also the prefix data representing 2s 
the beginning of data is attached in front of the packet 
and the end data is attached to follow the packet. In the 
asynchronous transfer, the receiving device in the asyn- 
chronous transfer outputs acknowledge data ACK, 
which indicates the fact that reception has taken place, 30 
to the device that transmitted the asynchronous transfer 
data. Prefix data and end data are added on in front and 
in back of this acknowledge data as well. 

If the amount of data asynchronously transferred is 
large, the transmission interval of the cycle-start packet 35 
will exceed 125 us. If the transmission interval of the 
cycle-start packet exceeds 125 jis, a delay time At for 
delaying the transmitted cycle-start packet is calculated 
based upon measured time represented by the cycle 
time data and the measured time at each node (see Fig. 40 
1 9), as set forth earlier. 

(2) First embodiment 

A printer system according to a first embodiment of *s 
the present invention is constructed by interconnecting 
a printer 20 and printer controller 10, which controls 
printing by the printer 20, by a cable that conforms to 
IEEE Standard 1394. 

Fig. 1 is a block diagram illustrating the electrical so 
configuration of the printer controller 10. 

The overall operation of the printer controller 10 is 
supervised by a main CPU 11. The controller 10 in- 
cludes a main memory 1 2 in which are stored a program 
for operating the printer controller 1 0, image data trans- ss 
mitted to the printer 20 representing images to be print- 
ed by the printer 20, and other data. The printer control- 
ler 10 further includes a communication control circuit 



1 3 for carrying out an isochronous transfer and an asyn- 
chronous transfer. The communication control circuit 1 3 
includes a transmission transfer memory 13A for tem- 
porarily storing one packet of data to be transmitted, a 
reception transfer memory 1 3B for temporarily storing 
one packet of data that has been transmitted from the 
printer 20, and a register 1 3C for storing data presenting 
the ID of the printer controller 10 and data representing 
the channel number. When an isochronous transfer is 
carried out, the communication control circuit 13 inter- 
rupts the main CPU 11 at the isochronous time period. 
The main CPU 1 1 responds to the interrupt by reading 
the image data out of the main memory 12. 

Fig. 2 is a block diagram illustrating the electrical 
configuration of the printer 20. 

The overall operation of the printer 20 is supervised 
by the system controller 21. Connected to the system 
controller 21 are a RAM 22 for temporarily storing data 
such as data representing the current status (inclusive 
of whether or not printing paper has been loaded) of the 
printer 20, and a ROM 23 which stores the program that 
operates the printer 20, printer specifications data which 
includes the printing speed of the printer 20 and the stor- 
age capacities of a transmission transfer memory 25A, 
reception transfer memory 25B and FIFO (first-in first- 
out) memory 26, and other data as well. The printer 20 
further includes operating keys and a status display cir- 
cuit 24. A signal representing a setting made by the op- 
erating keys is applied to the system controller 21, and 
the status of the printer 20 is displayed by the status 
display circuit 24. 

The printer 20 also includes a communication con- 
trol circuit 25 for performing the above-described iso- 
chronous transfer and asynchronous transfer. The com- 
munication control circuit 25 includes a transmission 
transfer memory 25A for temporarily storing one packet 
of data to be transmitted, a reception transfer memory 
25B for temporarily storing one packet of data that has 
been transmitted from the printer controller 10, and a 
register 25C for storing data representing the ID of the 
printer 20 and the channel number. When one packet of 
data is received, a communication interrupt is generated 
in the communication control circuit 25 and is applied to 
the system controller 21. The received data is trans- 
ferred to the FIFO memory 26 in response to the inter- 
rupt. 

The printer 20 includes the FIFO memory 26. The 
latter has a storage capacity capable of storing two lines 
of image data from among the image data representing 
the image printed by the printer 20. 

A printer engine 28 includes a printing head which 
starts printing in response to a printing-start request sig- 
nal from the system controller 21. When the printing- 
start request signal from the system controller 21 is ap- 
plied to the printer engine 28, the latter generates a data 
request signal that is applied to the FIFO memory 26. In 
response to the data request signal from the printer en- 
gine 28, the image data that has been stored is output 
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from the FIFO memory 26. When one line of image data 
is output from the FIFO memory 26, the latter applies a 
transfer-completion interrupt signal to the system con- 
troller 21 . As a result, the system controller 21 recogniz- 
es that one line of image data has been output from the 
FIFO memory 26. 

The data output by the FIFO memory 26 is applied 
to a data processing circuit 27, which executes data 
processing inclusive of color-conversion processing 
based upon color-conversion coefficients set by the sys- 
tem controller 21 . The image data processed and output 
by the data processing circuit 27 is applied to the printer 
engine 28, which prints the image at a constant speed 
by means of the printing head included in the printer en- 
gine. 

Fig. 3 is a time chart for a case in which image data 
is transmitted from the printer controller 1 0 to the printer 
20, and Fig. 4 illustrates the manner in which commands 
and data are sent and received by the printer controller 
10 and printer 20 when image data is transmitted from 
the printer controller 10 to the printer 20. tt will be as- 
sumed for the sake of simplicity that one printer control- 
ler 10 and one printer 20 are connected. Since it is pos- 
sible to connect a total of 63 devices in accordance with 
IEEE Standard 1394, as mentioned above, 63 devices 
inclusive of the printer and controller can be connected 
and image data can be transmitted to and printed by a 
desired printer. As exemplified in Figs. 1 and 2, the print- 
er controller 10 is the master (the cycle master) and the 
printer 20 is the slave, by way of example. 

First, a command requesting output of a ready sig- 
nal is output by the printer controller 10 and the com- 
mand is applied to the printer 20. When the signal re- 
questing output of the ready signal is received by the 
printer 20, the system controller 21 refers to the RAM 
22 and outputs a ready signal if the ready state has been 
attained. Upon receiving the ready signal, the printer 
controller 10 outputs a command requesting first printer 
specifications data and applies the command to the 
printer 20. When the printer 20 receives the command 
requesting first printer specifications data, fixed specifi- 
cations data relating to the printer 20, which specifica- 
tions include the printing speed of the printer 20 and the 
storage capacity of the FIFO memory 26, are read out 
from the ROM 23 by the system controller 21 . The fixed 
specifications data are supplied from the printer 20 to 
the printer controller 10. 

Next, the printer controller 10 provides the printer 
20 with printer reservation data. This printer reservation 
data is data which sets the printer 20 in such a manner 
that it will accept transmission of image data from the 
printer controller 10. This data is written in to the RAM 
22 of the printer 20. Furthermore, a command request- 
ing second printer specifications data is output by the 
printer controller 1 0 and applied to the printer 20. When 
the second printer specifications data is received by the 
printer 20, the data representing the current status of 
the printer 20 is read out from the RAM 22 by the system 



controller 21. The data representing the current status 
is supplied from the printer 20 to the printer controller 1 0. 

The sending and receiving of data or commands by 
the printer controller 1 0 and printer 20 thus far is carried 

5 out by asynchronous transfer in accordance with the for- 
mat shown in Fig. 20. It is of course permissible to adopt 
an arrangement in which isochronous transfer is used. 
Data transferred following a print standby command, de- 
scribed next, is transferred isochronous ly. 

io Next, inorderthatan isochronous transfer may take 
place between the printer controller 10 and the printer 
20, channel numbers are set for the printer controller 1 0 
and printer 20. Data representing the channel number 
that has been set in the printer controller 10 is stored in 

is the register 1 3C, and the channel number that has been 
set in the printer 20 also is stored in the register 13C. 

When the channel numbers are set, a printer stand- 
by command is generated in the communication control 
circuit 13, under the control of the main CPU 11, in ac- 

20 cordance with the packet format illustrated in Fig. 22, 
and the command is transmitted from the printer con- 
troller 10 to the printer 20. When the printer standby 
command is received by the printer 20, printing prepa- 
rations such as positioning of the printing paper at the 

25 home position begins. When the printing preparations 
in the printer 20 are completed, data indicative of the 
completion of printing preparations are output by the 
printer 20 and this data is applied to the printer controller 
10. 

30 When the data representing the completion of print- 
ing preparations is received by the printer controller 10, 
the latter generates a printing start command. According 
to the printing start command, the content of the syn- 
chronizing bit Sy becomes "3" in order to express the 

35 printing start command. This command is supplied from 
the printer controller 10 to the printer 20. 

When the printing start command is output from the 
printer controller 1 0, transmission data of an amount ca- 
pable of being transmitted in one packet is read out of 

40 the main memory 12, and the data is applied to and 
stored temporarily in the transmission transfer memory 
13A contained in the communication control circuit 13. 
A packet is generated in the communication control cir- 
cuit 13 in accordance with the format shown in Fig. 22. 

45 When image data representing the initial portion of an 
image is transmitted, the synchronizing bit Sy is made 
"1 n so as to express this fact. The packet data thus gen- 
erated is transmitted from the printer controller 10 upon 
elapse of a fixed delay following output of the printing 

so start command. The packet data is received by the print- 
er 20. Since the fixed delay is assured, the image data 
will be sent to the printer 20 when the printing head 
thereof actually starts operating. The FIFO memory 26 
used here can have a small storage capacity. 

55 in the example illustrating in Figs. 1 and 2, one print- 
er 20 is connected to one printer controller 1 0 and there- 
fore the sending and receiving of data in the isochronous 
cycle time period takes place only between the printer 
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controller 1 0 and the printer 20. The amount of image 
data transmitted from the printer controller 10 to the 
printer 20 can be increased up to the limit allowed in 
isochronous transfer. The transfer of the image data 
takes place rapidly. s 

One packet of data transmitted from the printer con- 
troller 10 is stored temporarily in the reception transfer 
memory 25B contained in the communication control 
circuit 25. By comparing the data representing the chan- 
nel number included in the one packet of data and the ?o 
data representing the channel number stored in the reg- 
ister 25, the communication control circuit 25 deter- 
mines whether the data is data that has been transmit- 
ted to itself as the destination. If it is determined that the 
data has been transmitted to itself as the destination, is 
the communication control circuit 25 generates a com- 
munication interrupt and writes the data to the FIFO 
memory 26 successively under the control of the system 
controller 21 . 

Next, the image data is transmitted from the printer 20 
controller 1 0 to the printer 20 one packet at a time at a 
fixed period. The synchronizing bit Sy of the packet is 
made "0" up to image data that represents the final por- 
tion of the image. This indicates the fact that the image 
data is still continuing. 25 

The image data received by the printer 20 is stored 
successively in the FIFO memory 26, the image data is 
read out in accordance with the data request signal from 
the printer engine 28 and the data is applied to the print- 
er engine 28 via the data processing circuit 27. As a re- 30 
suit, the image is printed at a constant speed by the 
printing head contained in the printer engine 28. 

Since the image data is transmitted from the printer 
controller 10 at a constant period at all times, the printer 
20 need not be equipped with a large-capacity image 35 
memory for storing one frame of image data. Printing at 
a constant speed is made possible merely by providing 
the FIFO memory 26 that is capable of storing only a 
few lines of image data. 

When the image data representing the final part of 40 
the image is read out of the main memory 12, the syn- 
chronizing bit Sy is set to "2" and packet data is gener- 
ated in the communication control circuit 13. The final 
part of the image data is transmitted from the printer con- 
troller 10 to the printer 20, whereupon the transmission 45 
of one frame of image data ends. 

When transmission of the image data ends, data in- 
dicative of the end of printing is supplied from the printer 
20 to the printer controller 10. When the printer controller 
10 receives the data indicating the end of printing, the so 
printer controller 10 applies a printer deactivation com- 
mand to the printer 20. When the printer receives the 
printer deactivation command, the image data that has 
been stored in the RAM 22 is erased and the printer 20 
is initialized. ss 

Fig. 5 is a time chart illustrating a specific transfer 
rate of image data. 

Assume here that an image is represented by R 



(red), G (green) and B (blue) data. Further, assume that 
the image to be printed requires 2560 bytes per one line 
of one color. Accordingly, 7680 bytes of image data per 
line are required for the total of three colors R, G and B. 
Assume also that the length of time (the line period of 
the printer) necessary to print one line is 7 ms, and that 
512 bytes of image data per packet can be transmitted 
by isochronous transfer. If the 7680 bytes of image data 
necessary for one line are divided by image data in an 
amount of 512 bytes capable of being transmitted per 
packet, the number of packets required for one line can 
be calculated (i.e., 7680 bytes/512 bytes = 15 packets). 

The number of isochronous transfer cycles in one 
line period of the printer 20 can be calculated by dividing 
one line period (7 ms) of the printer 20 by the iso- 
chronous cycle period (125 \xs) (7 ms/125 \xs - 56 cy- 
cles). 

The number of isochronous cycles contained in one 
line period of the printer 20 is 56. Since it will suffice if 
15 packets can be transmitted in 56 cycles, then 56 cy- 
cles are divided by 15 packets (56 cycles/15 packets = 
3.733 cycles) and it will suffice to arrange it so that one 
packet of image data is transmitted from the printer con- 
troller 10 to the printer 20 every 3.733 cycles. Null data 
is transmitted from the printer controller 10 to the printer 
20 during the 3.733 cycles. 

Fig. 6 is a time chart illustrating another transfer rate 
of the image data. 

Since one line of image data requires 7680 bytes 
per 7 ms, 137.1 bytes of image data per one iso- 
chronous cycle of 1 25 jis are necessary (7680 bytes/7 
fis = 137.1 bytes/125 jis). Accordingly, 137.1 bytes of 
image data are read out of the main memory 12 in one 
isochronous cycle period, the image data is applied to 
the transmission transfer memory 1 3A contained in the 
communication control circuit 1.3 and, after one packet 
of image data of 1 42 bytes has accumulated in the trans- 
mission transfer memory 1 3A, the image data is trans- 
ferred from the printer controller 10 to the printer 20. 

Fig. 7 is a time chart illustrating another transfer rate 
of the image data. 

As shown in Fig. 7, one packet of image data is read 
out of the main memory 1 2 every other isochronous cy- 
cle and the image data is stored in the transmission 
transfer memory 13A included in the communication 
control circuit 13. The image data that has been stored 
in the transmission transfer memory 13A is transmitted 
from the printer controller 1 0 to the printer 20 every other 
isochronous cycle. 

An arrangement may be adopted in which one pack- 
et of image data is transmitted from the printer controller 
10 to the printer 20 continuously every other iso- 
chronous cycle, as already described above, without 
transferring the image data, as illustrated in Figs. 5 
through 7. 

Fig. 8 illustrates the manner in which image data is 
transferred from the printer controller to the printer. This 
diagram corresponds to Fig. 3. 
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In case of the transfer of image data shown in Fig. 
8, the transfer of image data illustrated in Fig. 3 is per- 
formed a plurality of times for every color in order to print 
an image of one frame. When the transfer of one frame 
of the image is finished for one color, the printing paper 
is returned to the home position again and the transfer 
of one frame of image data regarding the next color is 
carried out. One frame of image data is transmitted from 
the printer controller to the printer color by color. A high- 
definition color image is printed as a result. 

(3) Second embodiment 

Fig. 9 is a block diagram illustrating the electrical 
configuration of a printer controller 1 0A illustrating a sec- 
ond embodiment of the invention. Elements in Fig. 9 
identical with those shown in Fig. 1 are designated by 
like reference characters and need not be described 
again. 

The printer controller 10A shown in Fig. 9 is further 
provided with a subsidiary processing circuit 1 5. The lat- 
ter performs a transfer of data with the main CPU 11 via 
a PCI (peripheral component interconnect) 14. The 
printer controller 10A further includes a command reg- 
ister 16 for temporarily storing commands transferred 
between the main CPU 11 and the subsidiary process- 
ing circuit 15. 

The image data that has been stored in the main 
memory 1 2 is read out and transferred temporarily to a 
buffer memory 1 7 by the subsidiary processing circuit 
15. Image data that has been stored in the buffer mem- 
ory 17 is applied to the transmission transfer memory 
1 3A included in the communication control circuit 1 3 and 
is transmitted to the printer 20. 

In the printer controller 10A shown in Fig. 9, the re- 
adout of image data from the main memory 1 2 is carried 
out by the subsidiary processing circuit 15. The lightens 
the load upon the main CPU 11 . 

The printer controller 10A shown in Fig. 9 is further 
provided with operating keys 18. By using the operating 
keys 1 8, the user is capable of entering the specifica- 
tions of the printer to which the image data is to be sent. 
As a result, the number of times data is sent and re- 
ceived between the printer controller 1 0A and the printer 
20 can be reduced. The printer controller 10A may be 
provided with a memory which stores printer specifica- 
tions for each and every printer, the printer specifica- 
tions may be read out of the memory and they may be 
selected by the operating keys 18. 

(4) Third embodiment 

Fig. 1 0 is a time chart for a case where image data 
is transmitted from the printer controller 1 0 to the printer 
20, and Fig. 11 illustrates the manner in which com- 
mands and data are sent and received by the printer 
controller 10 and printer 20 when image data are trans- 
mitted from the printer controller 10 to the printer 20. 



Only the differences with respect to the time charts of 
Figs. 3 and 4 and sending and receiving of the com- 
mands and data will be described. 

According to the third embodiment, the request for 
5 transfer of image data is output by the printer 20 and 
applied to the printer controller 10. When the transfer 
request enters the printer controller 10, the image data 
is transmitted from the printer controller 10 to the printer 
20 by the communication control circuit 13 in response 
to to the transfer request. 

Further, null data is transmitted from the printer con- 
troller 10 to the printer 20 from the time the command 
requesting the second printer specifications data is 
transmitted to the time the second printer specifications 
1$ data is received. It should be noted that transmission 
data in the format of the asynchronous data packet 
shown in Fig. 18 or image data in the format of the iso- 
chronous data packet shown in Fig. 21 is referred to as 
null data. 

20 When a channel number has been set and printing 
preparations in the printer 20 have been completed, the 
printer outputs data indicating the completion of printing 
preparations and transfer request data. These items of 
data are applied to the printer controller 10. Null data Is 

25 transmitted from the printer controller 10 to the printer 
20 from the transmission of the printing standby com- 
mand to the reception of the data indicating the comple- 
tion of printing preparations and the transfer request da- 
ta. 

30 When the data indicating the completion of printing 
preparations and the transfer request data are output by 
the printer 20, transmission image data (printing data) 
of an amount capable of being transmitted in one packet 
is read out of the main memory 12 and applied to the 

35 transmission transfer memory 1 3A included in the com- 
munication control circuit 1 3, whereby the data is stored 
temporarily. A packet is generated in the communication 
control circuit 13 in accordance with the format shown 
in Fig. 20. When image data representing the initial part 

40 of an image is transmitted, the synchronizing bit Sy is 
made "1 p so as to indicate this fact. The image data thus 
generated is transmitted from the printer controller 10 
following output of the data indicating the completion of 
printing preparations and the transfer request data. The 

45 data is received by the printer 20. 

One packet of data transmitted from the printer con- 
troller 1 0 is written to the Fl FO memory 26 in successive 
fashion under the control of the system controller 21 . 
The image data that has been stored in the FIFO 

50 memory 26 is read out in accordance with the data re- 
quest signal from the printer engine 28 and the image 
data is applied to the printer engine 28 via the data 
processing circuit 27. As a result, the image is printed 
at a constant speed by the printing head contained in 

55 the printer engine 28. 

When a transfer completion interrupt enters the sys- 
tem controller 21 from the FIFO memory 26 in the printer 
20, the system controller 21 outputs a transfer request 
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command. This command is applied to the printer con- 
troller 10 from the communication control circuit 25. In 
response to application of the transfer request com- 
mand to the printer controller 10, a packet is generated 
again in accordance with the format shown in Fig. 21 s 
and the image data is transmitted from the printer con- 
troller 10 to the printer 20. Thus, the timing of transmis- 
sion image data from the printer controller 1 0 to the print- 
er 20 is stipulated by the transfer request command ap- 
plied to the printer controller 10 from the printer 20. Null 10 
data is transmitted from the printer controller 10 to the 
printer 20 after the transmission of the image data until 
transfer request command arrives. 

Since the image data is transmitted from the printer 
controller 1 0 to the printer 20 in response to entry of the . is 
transfer request command, the printer 20 need not be 
provided with an image memory having a large storage 
capacity capable of storing one frame of image data. 
Printing at a constant speed is made possible merely by 
providing the Fl FO memory 26 that is capable of storing 20 
only a few lines of image data. 

When data representing the final part of the image 
is read out of the main memory 12, the synchronizing 
bit Sy is set to "2" so as to represent the final part of the 
image and packet data is generated in the communica- 25 
tion control circuit 1 3. The final part of the image data is 
transmitted from the printer controller 10 to the printer 
20, whereupon the transmission of one frame of image 
data ends. 

When transmission of the image data ends, data in- 30 
dicative of the end of printing is supplied from the printer 
20 to the printer controller 10. When the printer controller 
10 receives the data indicating the end of printing, the 
printer controller 10 applies a printer deactivation com- 
mand to the printer 20. When the printer 20 receives the 35 
printer deactivation command, the image data that has 
been stored in the RAM 22 is erased and the printer 20 
is initialized. 

When the null data is transmitted, the synchronizing 
bit Sy may be set to "4". As a result, whether null data *o 
is present or not can be detected by reading the content 
of the synchronizing bit Sy. The data which the printer 
20 receives need not be transferred to the FIFO memory 
26 when the null data is detected. 

In the third embodiment described above, the sys- *s 
tern controller 21 of the printer 20 outputs the transfer 
request command and applies it to the printer controller 
10 in response to entry of the transfer completion inter- 
rupt output by the FIFO memory 26. However, an ar- 
rangement may be adopted in which the amount of data so 
that has been stored in the FIFO memory 26 is moni- 
tored by the system controller 21 and the system con- 
troller 21 outputs the transfer request when the amount 
of data that has been stored in the FIFO memory 26 be- 
comes small. 55 



(5) Fourth embodiment 

Figs. 1 2 and 1 3 illustrate a fourth embodiment. Fig. 
1 2 is a time chart for a case where image data is trans- 
mitted from the printer controller 1 0 to the printer 20, and 
Fig. 1 3 illustrates part of the transmission and reception 
of commands and data between the printer controller 1 0 
and printer 20 when image data are transmitted from the 
printer controller 10 to the printer 20. 

In the embodiment illustrated in Figs. 12 and 1 3, the 
printer 20 provides the printer controller 10 with a trans- 
fer rate representing the transmission period of the im- 
age data. The printer controller 10 transmits the image 
data to the printer 20 at a transmission period that is in 
accordance with the transfer rate provided by the printer 
20. 

When the processing for transmitting image data 
from the printer controller 10 to the printer 20 is being 
repeated, there are instances where the FIFO memory 
26 is emptied because the reception period (transmis- 
sion period) of the image data is long. In the embodiment 
illustrated in Figs. 12 and 13, the system controller 21 
of the printer 20 monitors the Fl FO memory 26 and judg- 
es whether the FIFO memory 26 will be emptied if the 
current transfer rate were to be maintained. In a case 
where the FIFO memory 26 would be emptied, the sys- 
tem controller 21 outputs a transfer-rate short request 
command which represents shortening of the transfer 
rate. This command is applied to the printer controller 
10. Upon entry of this command, the printer controller 
10 shortens the transmission period of the image data. 
As a result, emptying of the FIFO memory 26 can be 
prevented and continuity of the image data can be main- 
tained. 

When the processing for transmitting image data 
from the printer controller 10 to the printer 20 is being 
repeated, there are instances where the received image 
data overflows from the FIFO memory 26 and can no 
longer be stored in the FIFO memory 26 because the 
reception period of the image data is short. In the em- 
bodiment illustrated in Figs. 12 and 13, the system con- 
troller 21 of the printer 20 monitors the FIFO memory 26 
and judges whether the image data will overflow from 
FIFO memory 26 if the current transfer rate were to be 
maintained, tn a case where the received image data 
would overflow from the FIFO memory 26, the system 
controller 21 outputs a transfer-rate extension request 
command which represents extension of the transfer 
rate. This command is applied to the printer controller 
10. Upon entry of this command, the printer controller 
1 0 lengthens the transmission period of the image data. 
As a result, overflow of the received image data from 
the FIFO memory 26 in the printer 20 can be prevented 
and continuity of the image data can be maintained. 

In the fourth embodiment described above, the 
transfer rate of image data transmission is changed if it 
appears that the Fl FO memory 26 will be emptied or that 
the image data will overflow from the FIFO memory 26. 
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However, these situations may be dealt with by adjust- 
ing the amount of image data contained in a packet with- 
out changing the transfer rate. More specifically, if it ap- 
pears that the FIFO memory 26 will be emptied, a com- 
mand for enlarging the amount of image data contained 5 
in one packet is supplied from the printer 20 to the printer 
controller 10. If it appears that the image data will over- 
flow from the FIFO memory 26, a command for reducing 
the amount of image data contained in one packet is 
supplied from the printer 20 to the printer controller 1 0. 10 

(6) Fifth embodiment 

Figs. 14 and 15 illustrate a fifth embodiment of the 
present invention. Fig. 14 illustrates an example of the ?5 
connection between the printer controller and printers, 
and Fig. 15 shows the manner in which commands and 
data are sent and received by the printer controller 10 
and printers 30, 40 and 50 when image data is transmit- 
ted. 20 

As shown in Fig. 14, a plurality of printers 30, 40 
and 50 are connected to the printer controller 1 0 by ca- 
bles that conform to IEEE Standard 1394. 

In the embodiment illustrated in Figs. 14 and 15, im- 
age data is transmitted from the printer controller 10 2s 
when a transfer request is output from all of the printers 
30, 40 and 50 connected to the printer controller 1 0. Re- 
gardless of which printer among the printers 30, 40 and 
50 connected to the printer controller 1 0 outputs a trans- 
fer request, the printer controller 10 outputs null data 30 
until transfer requests are output from all of the printers 
30, 40 and 50 connected to the printer controller 10. 

In the embodiment illustrated in Fig. 14, the image 
data is transmitted from the printer controller 1 0 when 
transfer requests have been output from all of the print- 35 
ers 30, 40 and 50 connected to the printer controller 10. 
This makes it possible to realize broadcasting of image 
data (namely the transmission of identical data to all 
nodes). 

As many different embodiments of the present in- 40 
vention can be made without departing from the scope 
thereof, it is to be understood that the invention is not 
limited to the specific embodiments thereof except as 
defined in the appended claims. 



Claims 

1 . A printer system comprising a printer controller and 
a printer connected by a bus, wherein said printer so 
controller supplies said printer with image data via 
the bus and said printer prints the image, which is 
represented by the image data supplied from said 
printer controller, at a constant speed; 

55 

said printer having a buffer memory possessing 
an image-data storage capacity smaller than a 
quantity of image data representing one frame 



of the image, said buffer memory temporarily 
storing the image data supplied from said print- 
er controller; 

either said printer or said printer controller be- 
ing provided with means for generating a start 
signal which indicates start of supply of the im- 
age data; 

said printer controller including: 
image-data transmission start control means 
for starting transmission of image data to said 
printer in packet units upon elapse of a prede- 
termined period of time from generation of the 
start signal; and 

image-data transmission control means for re- 
peating, in packet units, the transmission of im- 
age data to said printer in such a manner that 
the image data that has been stored in the buff- 
er memory will not be emptied from said buffer 
memory; and 
said printer including: 

storage control means for receiving image data 
transmitted from said printer controller and 
storing this image data in said buffer memory; 
and 

printing control means for reading out the im- 
age data that has been stored in said buffer 
memory and printing an image, which is repre- 
sented by the image data read out, at a con- 
stant speed. 

2. The system according to claim 1 , wherein said print- 
er further includes: 

printer specifications data storage means for 
storing printing speed data representing print- 
ing speed and storage capacity data represent- 
ing the storage capacity of said buffer memory; 
and 

printer specifications data transmitting means 
for transmitting the printing speed data and the 
storage capacity data, which have been stored 
in said printer specifications data storage 
means, to said printer controller; and 
said printer controller further includes printer 
specifications data receiving means for receiv- 
ing the printing speed data and the storage ca- 
pacity data transmitted from said printer spec- 
ifications data transmitting means; 
wherein amount of image data included in a 
packet is decided based upon the printing 
speed data and storage capacity data received 
in said printer specifications data receiving 
means. 

3. The system according to claim 1 or 2, wherein said 
printer controller further includes printer specifica- 
tions information input means for entering printing 
speed and storage capacity of said buffer memory; 
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wherein amount of image data included in a 
packet is decided based upon the printing speed 
data and storage capacity data entered from said 
printer specifications information input means. 

5 

4. The system according to claim 1 , 2 or 3, wherein 
said printer controller further includes preparation 
command transmitting means for transmitting a 
printer preparation command to said printer; and 

w 

said printer further includes: 
printing preparation control means for perform- 
ing printing preparation, which is inclusive of 
positioning printing paper at a home position, 
in response to the printing preparation com- is 
mand transmitted from said preparation com- 
mand transmitting device; and 
printing preparation-end transmitting means, 
which is responsive to end of printing prepara- 
tion by said printing preparation control means, 20 
for transmitting printing preparation-end data 
indicating end of printing preparation to said 
printer controller; 

said start signal being generated after trans- 
mission of the printing preparation-end data 2s 
from said printing preparation-end transmitting 
means. 

5. The system according to claim 4, wherein command 
identification data has been added onto the printing 30 
preparation command to indicate that this is a com- 
mand, and image data identification data has been 
added onto image data, which is transmitted from 
said printer controller, to indicate that this data is 
image data; and 35 

said printer further includes data discriminating 
means for discriminating whether received data 
is the printing preparation command or the im- 
age data based upon the command identifica- 40 
tion data or the image-data identification data; 
the printing preparation being performed in re- 
sponse to discrimination of the printing prepa- 
ration command by said data discriminating 
means, and the image represented by the im- *s 
age data being printed in response to discrim- 
ination of the image data by said data discrim- 
inating means. 

6. The system according to any preceding claim, so 
wherein said printer controller has first control 
means and second control means; 

said first control means performing transmis- 
sion control relating to transmission of image ss 
data to said printer; and 
said second control means controlling opera- 
tions other than transmission control. 



7. The system according to any preceding claim, 
wherein a plurality of said printers are provided, 
each is assigned a specific printer identification 
symbol, and printer identification data which repre- 
sents the specific printer identification symbol has 
been added to the image data output from said 
printer controller; 

said printer further including printer identifica- 
tion symbol discriminating means for discrimi- 
nating whether the printer identification symbol 
represented by the printer identification data 
added onto the received image data agrees 
with the assigned printer identification symbol; 
wherein when agreement has been discrimi- 
nated in said printer identification symbol dis- 
criminating means, printing is performed based 
upon the image data onto which the printer 
identification data representing the identifica- 
tion symbol of the printer has been added. 

8. A printer controller used in a printer system com- 
prising the printer controller and a printer connected 
by a bus, wherein said printer controller supplies 
said printer with image data via the bus and said 
printer prints the image, which is represented by the 
image data supplied from said printer controller, at 
a constant speed, said printer having a buffer mem- 
ory possessing an image-data storage capacity 
smaller than a quantity of image data representing 
one frame of the image and temporarily storing the 
image data supplied from said printer controller, and 
either said printer or said printer controller generat- 
ing a start signal which indicates start of supply of 
the image data, said printer controller comprising: 

image<Jata transmission start control means 
for starting transmission of image data to said 
printer in packet units upon elapse of a prede- 
termined period of time from generation of the 
start signal; and 

image-data transmission control means for re- 
peating, in packet units, the transmission of im- 
age data to said printer in such a manner that 
the image data that has been stored in the buff- 
er memory will not be emptied from said buffer 
memory. 

9. A printer comprising: 

a buffer memory possessing an image-data 
storage capacity smaller than a quantity of im- 
age data representing one frame of an image, 
said buffer memory temporarily storing the im- 
age data; 

storage control means for storing applied im- 
age data in said buffer memory; and 
printing control means for reading out the im- 
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age data that has been stored in said buffer 
memory and printing an image, which is repre- 
sented by the image data read out, at a con- 
stant speed. 

5 

10. A method of controlling operation of a printer sys- 
tem comprising a printer controller and a printer 
connected by a bus, wherein said printer controller 
supplies said printer with image data via the bus and 
said printer prints the image, which is represented ?0 
by the image data supplied from said printer con- 
troller, at a constant speed, comprising the steps of: 



from said printer controller to said printer; 
performing printing preparation, which is inclu- 
sive of positioning printing paper at a home po- 
sition, in response to the printing preparation 
command transmitted from said printer control- 
ler; 

transmitting printing preparation-end data indi- 
cating end of printing preparation to said printer 
controller in response to end of printing prepa- 
ration; and 

generating the start signal after transmission of 
the printing preparation-end data. 



providing said printer with a buffer memory pos- 
sessing an image-data storage capacity small- 15 
er than a quantity of image data representing 
one frame of the image, said buffer memory 
temporarily storing the image data supplied; 
generating a start signal from said printer or 
said printer controller; 20 
starting transmission of image data from said 
printer controller upon elapse of a predeter- 
mined period of time from generation of the 
start signal, and repeating, in packet units, the 
transmission of image data from said printer 2s 
controller in such a manner that the image data 
that has been stored in the buffer memory will 
not be emptied from said buffer memory; and 
in said printer, receiving image data transmitted 
from said printer controller, storing this image 30 
data in said buffer memory, reading out image 
data that has been stored in said buffer memory 
and printing an image, which is represented by 
the image data read out, at a constant speed. 

35 

11. The method according to claim 10, wherein said 
printer stores printing speed data representing 
printing speed and storage capacity data represent- 
ing the storage capacity of said buffer memory, and 
transmits the stored printing speed data and the 40 
storage capacity data to said printer controller; and 

said printer controller receives the printing 
speed data and the storage capacity data transmit- 
ted from said printer and decides amount of image 
data included in a packet based upon the received 4s 
printing speed data and storage capacity data. 

12. The method according to claim 10 or 11, further 
comprising steps, in said printer controller, of enter- 
ing printing speed and storage capacity of said buff- so 
er memory, and deciding amount of image data in- 
cluded in a packet based upon the entered printing 
speed data and storage capacity data. 

1 3. The method according to claim 1 0, 1 1 or 1 2, further ss 
comprising the steps of: 

transmitting a printer preparation command 



14. The method according to claim 13, wherein com- 
mand identification data has been added onto the 
printing preparation command to indicate that this 
is a command, and image data identification data 
has been added onto image data, which is transmit- 
ted from said printer controller, to indicate that this 
data is image data; 

further comprising steps, in saidprinter, of dis- 
criminating whether received data is the printing 
preparation command or the image data based up- 
on the command identification data or the image- 
data identification data, performing printing prepa- 
ration in response to discrimination of the printing 
preparation command, and printing the image rep- 
resented by the image data in response to discrim- 
ination of the image data. 

15. The method according to any of claims 10 to 14, 
wherein said printer controller has first control 
means and second control means; 

said first control means performing transmis- 
sion control relating to transmission of image 
data to said printer; and 
said second control means controlling opera- 
tions other than transmission control. 

16. The method according to any of claims 10 to 15, 
wherein a plurality of said printers are provided, 
each is assigned a specific printer identification 
symbol, and printer identification data which repre- 
sents the specific printer identification symbol has 
been added to the image data output from said 
printer controller; 

further comprising steps, in said printer, of dis- 
criminating whether the printer identification 
symbol represented by the printer identification 
data added onto the received image data 
agrees with the assigned printer identification 
symbol; and 

when agreement has been discriminated, per- 
forming printing based upon the image data on- 
to which the printer identification data repre- 
senting the identification symbol of the printer 
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has been added. 

17. A method of controlling operation of a printer con- 
troller used in a printer system comprising the print- 
er controller and a printer connected by a bus, s 
wherein said printer controller supplies said printer 
with image data via the bus and said printer prints 
the image, which is represented by the image data 
supplied from said printer controller, at a constant 
speed, said printer has a buffer memory possessing to 
an image-data storage capacity smaller than a 
quantity of image data representing one frame of 
the image and temporarily stores the image data 
supplied from said printer controller, and either said 
printer or said printer controller generates a start is 
signal which indicates start of supply of the image 
data, said method comprising the steps of: 

starting transmission of image data to said 
printer in packet units upon elapse of a prede- 20 
termined period of time from generation of the 
start signal; and 

repeating, in packet units, the transmission of 
image data to said printer in such a manner that 
the image data that has been stored in the buff- 2s 
er memory will not be emptied from said buffer 
memory. 

18. A method of controlling operation of a printer, com- 
prising the steps of: 30 

temporarily storing applied image data to a buff- 
er memory possessing an image-data storage 
capacity smaller than a quantity of image data 
representing one frame of an image; and 3$ 
reading out the image data that has been stored 
in said buffer memory and printing an image, 
which is represented by the image data read 
out, at a constant speed. 

40 

19. A printer system comprising a printer controller and 
a printer connected by a bus, wherein said printer 
controller supplies said printer with image data via 
the bus and said printer prints the image, which is 
represented by the image data supplied from said *s 
printer controller, at a constant speed; 

said printer being provided with a buffer mem- 
ory possessing an image-data storage capacity 
smaller than a quantity of image data repre- so 
senting one frame of the image, said buffer 
memory temporarily storing the image data 
supplied from said printer controller, and with 
means for outputting an image-data transfer re- 
quest; ss 
said printer controller including image-data 
transmission control means for transmitting im- 
age data to said printer in packet units in re- 



sponse to output of the transfer request; and 
said printer including storage control means for 
receiving image data transmitted from said 
printer controller and storing this image data in 
said buffer memory; and 
printing control means for reading out the im- 
age data that has been stored in said buffer 
memory and printing an image, which is repre- 
sented by the image data read out, at a con- 
stant speed. 

20. The system according to claim 19, wherein said 
printer outputs the transfer request substantially 
whenever one line of one frame of an image is print- 
ed. 

21. The system according to claim 19 or 20, wherein 
said printer controller further includes null-data 
transmission control means responsive to output of 
said transfer request for repeating transmission of 
null data in packet units until next output of said 
transfer request after the image data has been 
transmitted by said image-data transmission con- 
trol means. 

22. The system according to claim 1 9, 20 or 21 , wherein 
said image-data transmission control means out- 
puts the image-data transfer request in such a man- 
ner that the image data that has been stored in the 
buffer memory will not be emptied from said buffer 
memory. 

23. The system according to any of claims 19 to 22, 
wherein said image-data transmission control 
means changes the amount of image data included 
in a packet and transmits the image data in such a 
manner that the image data that has been stored in 
the buffer memory will not be emptied from said 
buffer memory. 

24. The system according to any of claims 19 to 23, 
wherein said printer performs printing-related prep- 
arations in response to entry of a printing-prepara- 
tion setting request command and outputs the 
transfer request upon end of these preparations. 

25. The system according to claim 24, wherein the 
printing-preparation setting request command is 
output from said printer controller; 

said printer controller further including null- 
data transmission control means for repeating 
transmission of null data in packet units until output 
of said transfer request after output of the printing- 
preparation setting request command. 

26. A printer controller as described in claim 1 9, where- 
in a plurality of said printers are connected to said 
printer controller; 
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said printer controller outputting image data 
to said printers in packet units in response to output 
of the transfer request from all of said printers. 

27. A printer controller used in a printer system com- 5 
prising a printer controller and a printer connected 

by a bus, wherein said printer controller supplies 
said printer with image data via the bus and said 
printer prints the image, which is represented by the 
image data supplied from said printer controller, at 10 
a constant speed, said printer being provided with 
a buffer memory possessing an image-data storage 
capacity smaller than a quantity of image data rep- 
resenting one frame of the image and temporarily 
storing the image data supplied from said printer is 
controller, and with means for outputting an image- 
data transfer request, said printer controller having 
image-data transmission control means for trans- 
mitting image data to said printer in packet units in 
response to the image-data transfer request output 20 
from said printer. 

28. A printer comprising: 

a buffer memory possessing an image-data 25 
storage capacity smaller than a quantity of im- 
age data representing one frame of an image, 
said buffer memory temporarily storing the im- 
age data; 

printing preparation control means for perform- 30 
ing printing-related preparations in response to 
a printing-preparation setting request; 
storage control means for accepting storage of 
image data in said buffer memory upon end of 
the printing- related preparations in said printing 35 
preparation control means; and 
printing control means for reading out the im- 
age data that has been stored in said buffer 
memory and printing an image, which is repre- 
sented by the image data read out, at a con- 40 
slant speed. 

29. A method of controlling operation of a printer sys- 
tem comprising a printer controller and a printer 
connected by a bus, wherein said printer controller 
supplies said printer with image data via the bus and 
said printer prints the image, which is represented 
by the image data supplied from said printer con- ' 
trailer, at a constant speed; 

so 

said printer being provided with a buffer mem- 
ory possessing an image-data storage capacity 
smaller than a quantity of image data repre- 
senting one frame of the image, said buffer 
memory temporarily storing the image data ss 
supplied from said printer controller, and with 
means for outputting an image-data transfer re- 
quest; 



said printer controller transmitting image data 
to said printer in packet units in response to out- 
put of the transfer request; 
said printer receiving image data transmitted 
from said printer controller and storing this im- 
age data in said buffer memory; and 
reading out the image data that has been stored 
in said buffer memory and printing an image, 
which is represented by the image data read 
out, at a constant speed. 

30. The method according to claim 29, wherein said 
printer outputs the transfer request substantially 
whenever one line of one frame of an image is print- 
ed. 

31. The method according to claim 29 or 30, wherein 
said printer controller responds to output of said 
transfer request by repeating transmission of null 
data in packet units until next output of said transfer 
request after the image data has been transmitted 
by said image-data transmission control means. 

32. The method according to claim 29, 30 or 31 , where- 
in said printer outputs the image<Jata transfer re- 
quest in such a manner that the image data that has 
been stored in the buffer memory will not be emptied 
from said buffer memory. 

33. The method according to any of claims 29 to 32, 
wherein said printer controller changes the amount 
of image data included in a packet and transmits 
the image data in such a manner that the image da- 
ta that has been stored in the buffer memory will not 
be emptied from said buffer memory. 

34. The method according to any of claims 29 to 33, 
wherein said printer performs printing-related prep- 
arations in response to entry of a printing-prepara- 
tion setting request command and outputs the 
transfer request upon end of these preparations. 

35. The method according to claim 34, wherein the 
printing-preparation setting request command is 
output from said printer controller; 

said printer controller repeating transmission 
of null data in packet units until output of said trans- 
fer request after output of the printing-preparation 
setting request command. 

36. The method according to any of claims 29 to 35, 
wherein a plurality of said printers are connected to 
said printer controller; 

said printer controller outputting image data 
to said printers in packet units in response to output 
of the transfer request from all of said printers. 

37. A method of controlling operation of a printer con- 
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troller used in a printer system comprising the print- 
er controller and a printer connected by a bus, 
wherein said printer controller supplies said printer 
with image data via the bus and said printer prints 
the image, which is represented by the image data 5 
supplied from said printer controller, at a constant 
speed, said printer being provided with a buffer 
memory possessing an image-data storage capac- 
ity smaller than a quantity of image data represent- 
ing one frame of the image and temporarily storing 10 
the image data supplied from said printer controller, 
and with means for outputting an image-data trans- 
fer request, said method comprising transmitting 
image data to said printer in packet units in re- 
sponse to the image-data transfer request output is 
from said printer. 

38. A method of controlling operation of a printer having 
a buffer memory possessing an image-data storage 
capacity smaller than a quantity of image data rep- 20 
resenting one frame of an image and temporarily 
storing the image data, comprising the steps of: 

performing printing-related preparations in re- 
sponse to a printing-preparation setting re- 25 
quest; 

accepting storage of image data in said buffer 
memory upon end of the printing-related prep- 
arations; and 

reading out the image data that has been stored 30 
in said buffer memory and printing an image, 
which is represented by the image data read 
out, at a constant speed. 
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